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Gyro E lec t r i ca l  Conduct iv i ty  

An a c c e p t a b l e  range of e l e c t r i c a l  c o n d u c t i v i t y  f o r  t h e  gyro 

m a t e r i a l  has  been determined from t h e  fo l lowing  c o n s i d e r a t i o n s .  I n  

o r d e r  t o  avoid  d r i f t  to rque  due t o  l o c a l i z e d  charge  on a sphere  i n  a n  

e lec t r ic  f i e l d  t h e  charge  must be uniformly d i s t r i b u t e d  w i t h  a r e l a x a -  

t i o n  t i m e  T less than  one gyro r e v o l u t i o n ,  From t h e  r e l a t i o n  

where p i s  t h e  e l ec t r i ca l  r e s i s t i v i t y  and e i s  t h e  d i e l e c t r i c  c o n s t a n t ,  
e 

10 a n  upper bound of 10 ohm c m  i s  obta ined  f o r  t h e  e l ec t r i ca l  r e s i s -  

t i v i t y  f o r  our  gyro parameters .  The lower bound is  obta ined  from 

t h e  d r i f t  to rque  due t o  eddy c u r r e n t s  f lowing on t h e  gyro s p i n n i n g  i n  

t h e  e a r t h ' s  ma.gnetic f i e l d .  From t h e  r e h t i o n  

where 6 i s  t h e  gyro s p i n  a x i s  precess ion  i n  r a d i a n s l s e c ,  B is  t h e  e a r t h ' s  

magnet ic  f i e l d  i n  gauss ,  i s  the e l e c t r i c a l  r e s i s t i v i t y  i n  ohm cm 

and p i s  t h e  mass d e n s i t y  i n  gm/cm , a va.lue of  p = 1 . 6  x 10 ohm cm 

'e 
3 3 

m e 

i s  obta ined  as t h e  lower l i m i t  f o r  a maximum @ of 0 . 6  a r c  s e c l j ' e a r ,  

f o r  €3 = 1 / 2  gauss and pm = 2 . 5  gm/cm I 

r e s i s t i v i t y  has  been e s t a b l i s h e d  as  approximately 

3 Hence, t h e  range of e l e c t r i c a l  

2 x LO3 5 p < l o l o  ohm c m ,  
I 

A c o n s e r v a t i v e  c a l c u l a t i o n  f o r  a sphere  sp inning  i n  a n  e l e c t r i c  

f i e l d  i n  which induced charges s l i d e  a long  t h e  r e s i s t i v e  s p h e r i c a l  s u r -  

f a c e  as t h e  sphere  r o t a t e s  shows t h a t  a n e g l i g i b l e  d r i f t  to rque  e x i s t s  

f o r  t h e  wors t  c a s e  of p = 10'' ohm cm, Materials w i t h  r e s i s t i v i t i e s  i n  

t h e  e s t a b l i s h e d  range are being i n v e s t i g a t e d .  
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I n f l u e n c e  of Meteoroids 

The degree t o  which t h e  r e l a t i v i t y  s a t e l l i t e  of t h e  Coordinated 

Science Laboratory i s  immune t o  t h e  momentum t r a n s f e r  of impacting m e t e -  

o r o i d s  depends upon t h e  model of the meteoroid f l u x ,  The b e s t  known, 

and also t h e  most c o n s e r v a t i v e  model of t h e  meteoroid environment w a s  

developed by Whipple i n  1957. This  model can be r e p r e s e n t e d  by 

-12 -1 
= 1.3  x 10 m 

2 
where 6 i s  t h e  f lux /meter  

g r e a t e r . '  

s e c  of p a r t i c l e s  w i t h  m a s s  m grams and 

A 1961 e v a l u a t i o n  of rocke t  and s a t e l l i t e  d a t a  obta ined  

-17.0 -1.70 G 2  = 10 m 9 

-6 1 
a p p l i c a b l e  between masses of LO-'' t o  10 gm. However, observa t ions  

of  meteors  s imula ted  by shaped charge f i r i n g s  i n d i c a t e d  t h a t  Whipple's 

1957 estima.te should be r e v i s e d  by a n  o r d e r  of magnitude t o  g i v e  
1 

10-13 -1 8 = 1 . 3  m .  3 (31 

These are t h r e e  meteoroid models c u r r e n t l y  used,  a l l  s u b j e c t  t o  r e v i s i o n  

as more i s  learned  of t h e  space environment. 

The number of p a r t i c l e s  h i t t i n g  a given s a . t e l l i t e  i n  a given 

amount of t i m e  can be c a l c u l a t e d  using t h e  f l u x  express ion  t o  be 

N = @AT 

where A i s  t h e  area exposed t o  meteoroids and T i s  t h e  t i m e  of exposure.  

~~ ~~ 

' O r b i t a l  F l i g h t  Handbook, NASA Sp 3 3 ,  P a r t  1, pp 1146-1147, 
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Assume, f o r  c a l c u l a t i o n  purposes ,  a p o s s i b l e  CSL gyro s a t e l l i t e  t o  be a 

s o l i d ,  n e a r l y  s p h e r i c a l  body of  d e n s i t y  2 . 2  gm/cm , having  a r a d i u s  

of 15 cm,  s p i n n i n g  a t  250 r e v / s e c  and monitered f o r  one y e a r .  A p l o t  

of t h e  number of meteoroids  s t r i k i n g  t h e  s a t e l l i t e  versus  t h e  meteoroid 

mass i s  g iven  i n  F i g .  1 u s i n g  t h e  above s a t e l l i t e  r a d i u s  and t h e  t h r e e  

d i f f e r e n t  f l u x  estimates.  F i g u r e  1 r e v e a l s  t h a t  l a r g e  numbers of small 

meteoroids  w i l l  h i t  t h e  s a t e l l i t e  w h i l e  few meteoroids h e a v i e r  than  10 

grams are  t o  be expected w i t h i n  a y e a r ' s  t i m e ,  

3 

-5  

The e f f e c t  of a meteoroid h i t  w i l l  depend upon t h e  momentum of 

t h e  impinging p a r t i c l e .  Visua l  observa t ions  of  meteor showers i n d i c a t e  

t h a t  l a r g e  meteoroids  have approximate v e l o c i t i e s  of 28  km/sec w h i l e  

smaller p a r t i c l e s  have a v e l o c i t y  of about  15 km/sec. 

d i s t r i b u t i o n  t a b u l a t e d  i n  t a b l e  35 of r e f ,  1 is  used f o r  c a l c u l a t i o n s  

i n  t h i s  a n a l y s i s .  A c o n s e r v a t i v e  approach t o  t h e  momentum exchange 

a n a l y s i s  i s  t o  assume t h a t  t h e  momentum v e c t o r  of a l l  impinging p a r t i c l e s  

i s  perpendicular  t o  t h e  s p i n  a x i s  and passes  through t h e  s p i n  a x i s ,  The 

impulsive angular  displacement ,  6, caused by one meteoroid h i t  would 

t h e n  be 

The v e l o c i t y  

where C i s  t h e  moment of i n e r t i a ,  0 i s  t h e  s p i n  ra te ,  and mv i s  t h e  

momentum of t h e  meteoroid a c t i n g  a t  a d i s t a n c e  r from t h e  c e n t e r  of mass 

of the s a t e l l i t e .  For a conserva t ive  c a l c u l a t i o n  l e t  r be t h e  r a d i u s  

of the s a t e l l i t e ,  R .  The moment of i n e r t i a  of t h e  s p h e r i c a l  gyro i s  

e = -  ' R5 
15  p s  
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where p i s  t h e  d e n s i t y ,  and t h e  impulsive angu la r  d e v i a t i o n  due t o  one 

meteoroid h i t  becomes 

S 

15 . mv 
817 4 

6 = -  

PsR 
( 4 )  

A large sa te l l i t e  then  would be l e s s  a f f e c t e d  by meteoroid h i t s  than  a 

smaller one. However, a l a r g e r  s a t e l l i t e  i s  h i t  by a g r e a t e r  number of 

p a r t i c l e s .  

squa re  d e v i a t i o n  of even t s  a long  the  s p i n  a x i s  and w r i t i n g  an  expres s ion  

f o r  t h e  n e t  angu la r  d e v i a t i o n ,  0 ,  of N h i t s ,  

T h i s  can  be t aken  i n t o  c o n s i d e r a t i o n  by assuming a mean 

This  f u n c t i o n  is  p l o t t e d  ve r sus  meteoroid mass i n  F ig .  2 u s ing  t h e  

c o n s e r v a t i v e  1957 Whipple e s t i m a t e  of meteoroid f l u x .  S ince  t h e  s u r -  

f a c e  area of a sphe re  i s  4nR , u i s  i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  

r a d i u s  cubed 

2 

F igu re  2 i n d i c a t e s  t h a t  t h e  l a r g e r  meteoroids w i l l  be d e t r i -  

menta l  t o  t h e  r e l a t i v i t y  experiment which r e q u i r e s  spu r ious  d e v i a t i o n s  

of less than  1 s e c  of a r c  pe r  yea r .  However, t h e  p r o b a b i l i t y  of being 

h i t  by t h e  l a r g e r  meteoro ids  i s  of cour se  less than  f o r  t h e  smaller 

p a r t i c l e s  Assuming a Poisson d i s t r i b u t i o n  of even t s  t h e  p r o b a b i l i t y  

of no impact, P ( o ) ,  w i t h i n  a y e a r  by a meteoroid of a given m a s s  i s  

g i v e n  by 

-N P(o) = e 

where N = @AT. Therefore ,  f o r  a meteoroid of a g iven  mss, t h e  maximum 

impu l s ive  p recess ion  due t o  i t s  impa.ct and t h e  p r o b a b i l i t y  of i t  n o t  

h i t t i n g  t h e  s a t e l l i t e  can be c a l c u l a t e d .  A p l o t  of P (o>  ve r sus  S us ing  
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t h e  t h r e e  meteoroid f l u x  models is g iven  i n  F ig .  3 .  This  p l o t  can  be 

i n t e r p r e t e d  t o  g ive  t h e  p r o b a b i l i t y  of success  of t h e  experiment w i t h  

r e f e r e n c e  t o  meteoroids i f  a maximum 6 t o  be t o l e r a t e d  i s  def ined .  For  

t h e  CSL R e l a t i v i t y  experiment t h i s  maximum 6 would be 1 sec of arc i n  

a yea r  which would correspond t o  b e t t e r  than 97% chance of success  us ing  

t h e  most conse rva t ive  f l u x  estimate. The e f f e c t  of meteor showers i n  

which t h e  f l u x  rate may i n c r e a s e  by two o r  t h r e e  o rde r s  of magnitude i s  

be ing  i n v e s t i g a t e d .  

Gyro D i a m e  t er Opt imiza t ion  

The previous  r e p o r t  analyzed the  gyro torque  due t o  g r a v i t y  

g r a d i e n t  f o r  a non-regress ing  o r b i t .  The p r e s e n t  r e p o r t  ex tends  t h i s  

a n a l y s i s  f o r  a r e g r e s s i n g  o r b i t  due t o  t h e  e a r t h ' s  ob la t eness .  F u r t h e s -  

more, t h e  e f f e c t s  of c e n t r i f u g a l  deformation and the  s ta t i s t ics  of 

micrometeor i te  c r a t e r i n g  a long  w i t h  t h e  e f f e c t s  of g r a v i t y  g r a d i e n t  

g i v e  r ise  t o  an  optimum gyro diameter ,  as shown by t h e  fo l lowing  

d i s  cuss ion.  

The s p i n  a x i s  dev ia t ion  due t o  g r a v i t y  g r a d i e n t  f o r  a gyro 

o r b i t i n g  i n  a r e g r e s s i n g ,  e l l i p t i c  o r b i t  i s  

6 = -2Kg [ s i n  i co t  8 cos  (0-@) - c o s i ]  cos 0 

c = -2Kg s i n  i s i n  (f2-a) cos 0 

where 

(55 

(6) 

i i s  t h e  o r b i t a l  i n c l i n a t i o n  

0 is  t h e  r i g h t  ascens ion  of t he  o r b i t  

8 is t h e  i n c l i n a t i o n  of t h e  gyro e q u a t o r i a l  p lane  

@ is  t h e  r i g h t  ascens ion  of t h e  gyro 
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0 i s  t h e  a n g l e  between t h e  gyro s p i n  a x i s  and t h e  o r b i t a l  p lane  

3 2  

acu ( 1 - e )  

(1 + 4 e ) C-A 3 GM 
4 3  2 3 (7) and Kg = - - 

S 

where 

G is t h e  u n i v e r s a l  g r a v i t a t i o n a l  c o n s t a n t  

M is  t h e  mass of t h e  e a r t h  

a i s  t h e  semi-major a x i s  of t h e  o r b i t a l  e l l i p s e  

e i s  t h e  e c c e n t r i c i t y  o f  t h e  e l l i p s e  

UJ i s  t h e  gyro angular  v e l o c i t y  
S 

C i s  t h e  gyro p o l a r  moment of i n e r t i a  

A is  t h e  gyro t r a n s v e r s e  moment o f  i n e r t i a .  

C -A Because of c e n t r i f u g a l  deformation t h e  gyro moment of i n e r t i a  r a t i o  - 
C 

can be  w r i t t e n  as t h e  sum o f  two components - a s t a t i c  o r  manufactured 

component (---) and a component due t o  c e n t r i f u g a l  deformation,  s o  t h a t  C -A 
c s  

2 2  
F_lC_!-l_w_- C8? - (---) + C-A C-A. - -  

E C c * s  

where 

F ( a )  i s  a f u n c t i o n  of t h e  Poisson r a t i o  

p i s  t h e  gyro d e n s i t y  

E i s  t h e  modulus of e l a s t i c i t y  

r i s  t h e  gyro r a d i u s .  

A p l o t  of K g  versus  r f o r  v a r i o u s  p e r i p h e r a l  v e l o c i t i e s  v = w r  

f rom equat ion  (7)  i s  shown i n  F ig .  4 .  O r b i t a l  e c c e n t r i c i t i e s  smaller  

t h a n  0.1 are used,  i n  which c a s e  t h e  e r r o r  i n  Kg i s  less than  4 p e r c e n t .  

From a family of such p l o t s  i t  i s  found t h a t  t h e  va lues  o f  r and v which 

produce t h e  minimum v a l u e  of Kg a l s o  cause  t h e  c e n t r i f u g a l  deformation 

i n e r t i a  r a t i o  component t o  equal  t h e  s t a t i c  v a l u e  component, It i s  also 
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seen  from Fig .  4 t h a t  t h e  curve  of Kg vs r h a s  a broad minimum which 

inc ludes  t h e  r easonab le  gyro r ad ius  of 15 cm. From Eqs. ( 7 ) ,  ( 8 ) ,  and 

F i g .  4 ,  it can be  shown that f o r  minimum Kg, and hence minimum p r e c e s s i o n ,  

t h e  p e r i p h e r a l  v e l o c i t y  v should  be as l a r g e  as p o s s i b l e  and t h e  s t a t i c  

i n e r t i a  r a t i o  be as small as p o s s i b l e .  

p o i n t  i s  reached when t h e  p e r i p h e r a l  v e l o c i t y  i s  about  300 m e t e r s / s e c .  

The d a t a  readout  system r e q u i r e s  a f i n i t e  (-) . This  is  

seen  from F ig .  4 of t h e  prev ious  s t a t u s  r e p o r t ,  i n  which t h e  number of 

h i t s  p e r  y e a r ,  each of which could cause  an a n g u l a r  d i s t u r b a n c e  of 0.6 

a r c  s e c ,  i s  p l o t t e d  ve r sus  - . F o r  t h i s  p l o t  t h e  meteoroid f l u x  model 

of Eq. 3 w a s  used. I f  such d i s tu rbances  occur a t  a ra te  less than  once 

pe r  month and f o r  a s p i n  axis damping time of less than  one day t h e  

e f f e c t  of t h e  d i s t u r b a n c e  can be r e a d i l y  removed from gyrd s p i n  a x i s  

o r i e n t a t i o n  d a t a .  Assuming t h e  m e t e o r i t e  f l u x  has  a Poisson d i s t r i -  

b u t i o n ,  then  i f  angu la r  d i s tu rbances  of one-terl th t h e  r e l a t i v i t y  e f f e c t  

occur  once pe r  y e a r ,  t h e  p r o b a b i l i t y  of having  one month of undis turbed  

d a t a  is  0.92 and ,  from Fig.  4 of t h e  prev ious  s t a t u s  r e p o r t  t h e  requirEd 

For most materials t h e  y i e l d  

C -A 
c s  

C 

- r a t i o  i s  0.01. The curves  f o r  t h i s  f i g u r e  are f o r  a 15 cm r a d i u s  
C 

s o l i d .  

of 300 me te r / sec ,  Kg i s  about 40 a r c  s e c  p e r  yea r .  

For a fused  s i l i c a  gyro of 15 cm r a d i u s  and a p e r i p h e r a l  v e l o c i t y  

From Eqs. (1) and ( 2 ) ,  t h e  t h e o r e t i c a l l y  determined minimum 

v a l u e  of Kg and t h e  requi rement  t h a t  t h e  spu r ious  gyro d r i f t  be one 

o r d e r  of magnitude less than  t h e  g e n e r a l  r e l a t i v i t y  p recess ion  t h e  r e q u i r e -  

ments are ob ta ined  t h a t  t h e  gyro s p i n  a x i s  must l i e  i n  t h e  p l ane  of e i t h e r  

a p o l a r  o r b i t  o r  t h e  e a r t h ' s  e q u a t o r i a l  p l ane  f o r  a n e a r l y  e q u a t o r i a l  

o r b i t  t o  b e t t e r  than  0.44 degrees.  
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Photo graphic  Observab il i t y  

On a r e c e n t  v i s i t  t o  the Smithsonian As t rophys ica l  Observatory,  

i t  was learned  t h a t  t h e  observable  energy f l u x  f o r  t h e  Baker-Nunn camera 

is  approximately 8 x 10 lumen second per  squa re  meter .  This  w a s  

quoted as producing a r e l i a b l y  observable  image of a p o i n t  sou rce  i n  com- 

p e t i t i o n  w i t h  a one-second exposure t o  n i g h t  sky,  i n  t h a t  t h e  n i g h t  sky 

produces a photographic  d e n s i t y  0 . 3  t o  0.4 l oga r i thmic  d e n s i t y  u n i t  below 

t h e  d e n s i t y  produced by t h e  po in t  source .  

f o r  t h e  i n p u t  t o  t h e  camera a p e r t u r e ,  f o r  a s p e c t r a l  d i s t r i b u t i o n  cor -  

responding t o  t h e  s o l a r  c o l o r  temperature ,  as seen  through t h e  e a r t h ' s  

atmosphere,  and us ing  red-extended Royal-X Pan f i l m  f o r  r e c i p r o c i t y  

c o n d i t i o n s  f avor ing  f r ac t iona l - second  exposure t imes .  

-11 

The energy f l u x  i s  quoted 

This  " threshold"  corresponds t o  observ ing  a s o l a r  f l a s h  nea r  

t h e  z e n i t h  from a m i r r o r  f a c e t  of 60 square  cen t ime te r s  i n  p r o j e c t e d  

area, a t  a range of 1000 k i lometers ,  and f o r  a f l a s h  d u r a t i o n  of 7 micro- 

seconds.  The d u r a t i o n  is  t h e  t i m e  r e q u i r e d  f o r  t h e  s a t e l l i t e  t o  r o t a t e  

through 0.25 degree  a t  a r o t a t i o n  ra te  of 100 Hz, t o  scan  t h e  h a l f -  

degree  width of t h e  s o l a r  image. A t  t h i s  s l a n t  range ,  t h e  o r b i t a l  speed 

would correspond t o  an  appa ren t  speed of 0.4 degrees  pe r  second. 

f l a s h  ra te  of 500 Hz, t h e  apparent  f l a s h  spac ing  would be about  t h r e e  

seconds of a r c .  Thus, w i t h i n  the  o p t i c a l  r e s o l u t i o n  of t h e  camera, some 

12 seconds of arc,  t h e r e  would f a l l  fou r  f l a s h e s ,  producing an  exposure 

above " threshold"  by a f a c t o r  4.  A c t u a l l y  observed r e s o l u t i o n s  involve  

some image spreading ,  r e s u l t i n g  from l i g h t  scat ter  w i t h i n  t h e  f i l m ,  so  

t h a t  a f a c t o r  of  6 cou ld  be claimed. The method of d a t a  d e t e c t i o n  and 

a n a l y s i s  t o  be used,  however, w i l l  involve  c o r r e l a t i o n  techniques ex- 

p l o i t i n g  t h e  t o t a l  energy i n  t h e  f l a s h  p a t t e r n ,  i nvo lv ing  some 400 

A t  a 
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f l a s h e s ,  so  t h a t  t h e  e f f e c t i v e  t o t a l  exposure above " threshold"  would 

be,  a l lowing  f o r  t h e  f a c t  t h a t  not a l l  f l a s h e s  would be a t  t h e  maximum 

i n t e n s i t y ,  n e a r e r  a f a c t o r  of 200. 

The d e t e c t i o n  and a n a l y s i s  of t h e  f l a s h  p a t t e r n  f o r  an  o p t i c a l  

de t e rmina t ion  of t h e  c e n t e r  of the p a t t e r n  w i l l  r e q u i r e  c o r r e l a t i o n  of 

the  observed p a t t e r n  wi th  one der ived  from t h e  p a t t e r n  t o  be expected 

- a p r i o r i .  The d e r i v a t i o n  would r e f l e c t  t h e  n o n l i n e a r i t y  of t h e  photo- 

graphic  f i l m  t o g e t h e r  w i th  a knowledge of  t h e  n o i s e  s ta t i s t ics  of t h e  

f i l m .  For example, i f  t h e  f i l m  were l i n e a r ,  and the  n o i s e  s t a t i s t i c s  

were guass i an  wi th  s igna l - independent  parameters ,  t hen  t h e  opt imal  p a t t e r n  

would be t h e  angu la r  d e r i v a t i v e  of t h e  expected b r igh tness  p a t t e r n ,  f o r  

t h e  e s t i m a t i o n  of t h e  p a t t e r n  c e n t e r .  

It w i l l  t hen  be important  t o  develop a c c u r a t e  models of t h e  

photographic  l i n e a r i t y  and n o i s e  parameters  i n  o r d e r  t o  develop t h e  

e s t i m a t i o n  p a t t e r n  f o r  use  i n  the  c o r r e l a t i o n  technique ,  and a l s o ,  through 

computer s imula t ions ,  t o  develop f i r m  estimates of  t h e  accuracy  t h a t  may 

be expec ted .  Experimental  work t o  t h i s  end w i l l  be s t a r t e d  soon. 

A t  t h e  p r e s e n t  t ime,  however, a r e l i a b l e  accuracy e s t i m a t i o n  

cannot  be ob ta ined ,  based on s i g n a l - t o - n o i s e  cons ide ra t ions .  It i s  n o t  

real is t ic ,  f o r  example, t o  regard  t h e  Baker-Nunn " threshold" ,  c i t e d  above, 

as e q u i v a l e n t  t o  a n o i s e  l e v e l  a g a i n s t  which t h e  o p t i c a l  b r igh tness  

shou ld  be compared, i n  any l i t e r a l  sense .  The d e n s i t y  increment of 0.3 

t o  0.4 does correspond t o  a l i g h t  t r ansmiss ion  r a t i o  of from a € a c t o r  2 

t o  2.5,  bu t  one does n o t  know from t h i s  t h a t  t h e  s i n g l e - f l a s h  exposure,  

as d e s c r i b e d ,  i s  above t h e  background by s o  s m a l l  a f a c t o r .  Typ ica l ly ,  

t h e  dens i ty -E- log -exposure  curve would have a s l o p e  nea r  0.3 f o r  exposures 

n e a r  t h e  t o e  of t h e  curve,  s o  t h a t  t h e  exposure r a t i o ,  cor responding  t o  

a d e n s i t y  d i f f e r e n c e  of 0.3, could be n e a r e r  t h e  f a c t o r  10. 
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Questions r e l a t i n g  t o  the n o i s e  l e v e l  must a l s o  involve  an 

estimate of t h e  n o i s e  bandwidth, r e l a t e d  t o  t h a t  needed t o  accomodate 

t h e  s i g n a l .  This  n o i s e  a r i s e s  from the  random g r a n u l a r i t y  of t h e  photo- 

graphic  image. It was observed t h a t  a "point"  image from t h e  Baker-Nunn 

camera would be 10 o r  s o  g r a i n s  wide, sugges t ing  a bandwidth r a t i o  of  10. 

Thus, a microdensi tometer  t r a c i n g  us ing  a very  small a p e r t u r e  would show 

10 times as much n o i s e  energy as a t r a c i n g  u s i n g  a n  a p e r t u r e  matched 

t o  a r e s o l u t i o n  width.  

being " r e l i a b l y  observable"  would be unusual  f o r  a s i g n a l  p re sen ted  a t  

a s i g n a l - t o - n o i s e  r a t i o  of 2 ,  f o r  which t h e  n o i s e  bandwidth matched 

t h a t  of t h e  s i g n a l ,  bu t  would be an eminent ly  reasonable  d e s c r i p t i o n  

a t  a s i g n a l - t o - n o i s e  r a t i o  of 10. 

The d e s c r i p t i o n  of t h e  " threshold"  image as 

With some hope of realism, one could  then  e s t i m a t e  t h e  " thresh-  

o ld"  point-image s i g n a l - t o - n o i s e  r a t i o  as be ing  of t h e  o r d e r  of 10, o r  

even more i f  r e f e r r e d  t o  exposure.  

t h e  i n t e g r a t e d  whole-pa t te rn  s i g n a l - t o - n o i s e  r a t i o  t o  be 2000 o r  more, 

under t h e  c i t e d  c i rcumstances ,  with more r e l i a b l e  e s t ima tes  t o  be o b t a i n -  

a b l e  a f t e r  more s tudy .  Using these  c o n s i d e r a t i o n s ,  t h e  accuracy f o r  

measuring t h e  p o s i t i o n  of extended images should be es t imated  t o  be 

c o n s i s t e n t  w i t h  t h a t  u s u a l l y  quoted f o r  t h e  Baker-Nunn camera, namely 

2 seconds of arc f o r  l a b o r a t o r y  measurements. 

I n  t h e  s a m e  way, one could  estimate 

It w i l l  be noted  t h a t  t h e  number of f l a s h e s  t h a t  w i l l  f a l l  i n  

a r e s o l u t i o n  element w i l l  i nc rease  w i t h  range ,  b u t  t h a t  t h e  b r i g h t n e s s  

of each f l a s h  w i l l  dec rease  wi th  the squa re  of the range ,  s o  t h a t  t h e  

photographic  e f f e c t  w i l l  decrease  wi th  t h e  f i r s t  power of range ,  i n  a 

manner c h a r a c t e r  i s  t i c  of 1 ine  sources  



c 

11 

The s e n s i t i v i t y  t o  o t h e r  parameter v a r i a t i o n s  i s  less s e v e r e .  

For example, a decrease  i n  r o t a t i o n  ra te  w i l l  i n c r e a s e  t h e  exposure f o r  

each f l a s h ,  bu t  dec rease  t h e  number w i t h i n  a r e s o l u t i o n  element,  s o  t h a t  

t h e  n e t  exposure would be t h e  same. S i m i l a r l y ,  an  i n c r e a s e  i n  t h e  a r e a  

of t h e  f a c e t s ,  a t  t h e  expense of reducing t h e  number c o n t r i b u t i n g  t o  a 

g iven  p a t t e r n ,  w i l l  r e s u l t  i n  no change i n  o b s e r v a b i l i t y .  
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A = Area of one foot diameter 
sphere ( in  meters). 

T =  One year ( in  sec). 
$ is the f lux/m -sec of 

particles with mass m 
and greater, 

Mass (g rams  1 
Number of meteoroids  s t r i k i n g  proposed gyro pe r  yea r  
versus  t h e  meteoroid mass f o r  t h r e e  f l u x  models. 
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Fig .  2 .  Net angu la r  d e v i a t i o n  of gyro s p i n  a x i s  ve r sus  meteoroid 

mass, 
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(sec of arc 1 6 

Fig .  3 .  P r o b a b i l i t y  of no meteoroid impact w i th  t h e  proposed gyro 
i n  one y e a r  ve r sus  the  impulsive angu la r  d e v i a t i o n  due t o  
one impact,  f o r  t h ree  f l u x  models. 
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